The reaction of phenyl borondibromide (PhBBr 2 ) with 1,1-n-dibutylstanna-2,5-cyclohexadiene (8) produces, along with the expected phenylbora-2,5-cyclohexadiene (1), a mixture of boron substituted stannacyclohexadiene compounds 2 and 3 in a ratio of 1:2 respectively. Compounds 2 and 3 are in equilibrium at room temperature. The initial formation of either 2 or 3 is presumably the result of a metathesis reaction of the PhBBr 2 with the double allylic C-H bond of the starting 1,1-ndibutylstanna-2,5-cyclohexadiene (8), yielding compound 2, or with the allylic C-H bond of the 1,3-hydrogen isomerized starting stannacycle 8 (1,1-n-dibutylstanna-2,4-cyclohexadiene), yielding compound 3. The pseudo-first order rate of conversion from 2 => 3 was measured by an NMR spin population transfer technique to be ki = 7.18 s" 1 (2, 0.034M; Ti =1.6 s) while k-1 = was found to be 3.29 s' 1 0Ί = 1.5 s), yielding an equilibrium constant of 2.18 at 298 K. The coalescence rate constant was calculated to be 235 s" 1 which was not reached by heating the sample up to 383 K.
INTRODUCTION
The borabenzene and boratabenzene anions are of interest from many perspectives, including structure and electronic character [1], The 1-H-boratabenzene is isoelectronic to benzene and pyridinium containing 6π ring electrons and has recently, been characterized in the solid state [2] . However, since boratabenzenes are anionic compounds, their chemistry resembles better the cyclopentadienyl ligands. To illustrate, 1-methylboracyclohexadiene has been found to be more acidic than cyclopentadiene in the gas phase and solutions (eq. 1 ) [3] .
B-substituted boratabenzenes have been used as anionic ligands in many sandwich and metal carbonyl complexes of the transition metals [1, 4] . These complexes are closely analogous to the corresponding isolobal cyclopentadienyl metal compounds and recently exhibited parallel reactivities in early transition metal complexes [5] . The most common synthetic routes to the synthesis of borabenzene and boratabenzene derivatives are the cobaltocene route [2b,6] and tin route [7] , while recently, this compounds has been achieved by the use of bis(alkylamino)-2-4 pentadienylboranes [1f,8] , The first two routes were found to be tedious, yielding for phenyl borondibromide with 1,1-n-dibutylstanna-2,5-cyclohexadiene some boron-substituted derivatives mixtures of compounds difficult to separate [9] . As a part of a program involving the use of boron containing ligands in organoactinide chemistry [10] , we have reinvestigated the reaction of phenyl borondibromide with 1,1-n-dibutylstanna-2,5-cyclohexadiene (8) in our attempt to prepare phenylbora-2,5-cyclohexadiene (1), following the tin route (eq. 2). Along with the obtained phenylbora-2,5-cyclohexadiene, we were also able to isolate and characterize a mixture of two interconverting isomeric products, 1,1-n-dibutylstanna-4-phenylbromoboryl-2,5-cyclohexadiene (2) and 1,1-n-dibutylstanna-6-phenylbromoboryl-2,4-cyclohexadiene (3) (eq. 3). 
Materials and Methods
All manipulations of air-sensitive materials were performed with the rigorous exclusion of oxygen and moisture in flamed Schlenk-type glassware on a dual manifold Schlenk line, or interfaced to a high vacuum (10 -5 torr) line, or in a nitrogen filled 'Vacuum Atmospheres' glove box with a medium capacity recirculator (1-2 ppm O2). Argon, acetylene and nitrogen were purified by passage through a MnO oxygen-removal column and a Davison 4Ä molecular sieve column. Ether solvents were distilled under argon from sodium benzophenone ketyl. Hydrocarbon solvents (THFd 8 , toluene-c/ 8i benzene-dg,) were distilled under nitrogen from Na/K alloy. All solvents for vacuum line manipulations were stored in vacuo over Na/K alloy in resealable bulbs. Propargyl bromide (Aldrich) was distilled prior to utilization. Ethynyl magnesium bromide [11], 3-tosyloxypropyne and 1,4-pentadiyne [11], PhBBr 2 [12] , and Bu 2 SnH 2 [13] were prepared according to published procedures. NMR spectra were recorded on Bruker AM 200 and Bruker AM 400 spectrometers. Chemical shifts for 1 H-NMR are referenced to internal solvent resonances and are reported relative to tetramethylsilane. Chemical shifts for 11 B-NMR 128.32 MHz and 119 Sn-NMR 139.08MHz are referenced to BF 3 *Et 2 0 and SnMe 4 respectively. GC/MS experiments were conducted in a GCMS (Finnigan Magnum) spectrometer. The NMR experiments were conducted in teflon valve-sealed tubes (J-Young) after vacuum transfer of the liquids in a high vacuum line.
1,1-n-Dibutylstanna-2,5-cyclohexadiene (8)
A 100 ml hexane solution containing 18.2 g (0.08 mol) of Bu 2 SnH 2 was added dropwise to a reflux solution containing 5.0 g (0.08 mol) of 1,4-pentadiyne in 50 ml THF. After the addition was completed the solution was refluxed for an additional 60 hours adding every 2 hours 0.1 g of AIBN.
Volatiles were pumped off under vacuum and vacuum transfer of the residue allows 85% yield of the two stannacyclic compounds in a ratio of 92:8. 
Results and Discussion
The synthetic route followed towards the synthesis of phenylbora-2,5-cyclohexadiene is outlined is Scheme 1. The 1,4-diyne (6) was prepared following two different routes. The first route, following the classical reaction of 3-bromopropyne (4, X = Br) with acetylenic Grignard compound (5) in the presence of copper chloride using THF as a solvent [14] . Following this route, a considerable amount of high boiling residue remains after distillation of the crude reaction product, which is obtained by the polymerization of unstable yne-allene HCsCCH=C=CH 2 formed by the 1,3-substitution on 3-bromopropyne. Since 1,4-pentadiyne has a boiling point near that of THF a solution of ca. 0.1-0.3 Μ is obtained. In the second route, allowing the formation of pure 6, the reaction was carried out with 3-tosyloxypropyne (4 X = OTs) instead of the corresponding bromide. The reaction was performed in high boiling petrol ether (170°C) at 0-5°C in the presence of hydrogen chloride and ammonium chloride [15] . The hydrostannation of 1,4-pentadiyne with dibutyl tin dihydride (7) (prepared by the reduction of the corresponding dibromide with LiAIH 4 ) allows the mixture formation of the stannacycles 8 and 9 in 52% yield with a ratio of 1.2:1 between the two isomers [16] . The reaction can be driven towards the six membered ring stannacycle compound 8 by running the reaction in the presence of the radical initiator AIBN (2,2'-azo bis-2-methylpropionitrile) yielding compounds 8:9 in 85% yield and in a 92:8 molar ratio, respectively. Reaction of compound 8 with PhBBr? produced the expected phenylbora-2,5-cyclohexadiene (1), in 40% yield, with the concomitant formation of dibutyl tin dibromide. A competitive metathesis was also observed yielding a mixture of two isomeric boron-substituted stannacyclohexadiene compounds 2 and 3 (eq. 3), in 40% yield, which could not be separated due to rapid equilibration among them [17] . The equilibrated mixture of 2 and 3 was characterized by 1 H, ' 1 B, " 9 Sn NMR spectroscopy and high resolution mass
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Synthesis of Boron Substituted Stannacyclohexadienes by a Competitive Metathesis spectrometry. 1 H NMR of the mixture shows besides the high field (aliphatic) and the low field (vinylic and aromatic) regions 2 broad singlet signals at 3,45 and 2,74 ppm in an intensity ratio of 2:1 characteristic for two different allylic protons. 
Me^
The 11 Β NMR spectrum shows for the mixture, a single unresolved broad signal centered at 65 ppm. Interestingly this signal appears downfield from the phenylbora-2,5-cyclohexadiene (47 ppm), and the starting PhBBr ? (54.8 ppm) but high field from the 1-(dimethylboryl)-4-bromobenzene (76.7ppm). The obtained shift is usual as for diorganyl boron bromide species (table 1). The 119 Sn NMR for compound 8 and the mixture of 2 and 3 are given in Fig. 1 The chemical shift of 24 ppm for compound 8, which is clearly split by the two butyl groups [19] , moves downfield to a broad signal with no resolution at 114 ppm for the mixture of 2 and 3. No fine structure was obtained due to the quadrupolar effect of the boron atom and the additional Jcoupling between boron and tin [18] .
Since no coalescence was obtained by heating the sample up to 383 K, we decide to measure the equilibrium pseudo-first-order rate constants (ki and k-1) at 298 Κ by an NMR spin population transfer technique, followed by the use of the Bloch equation
where Tia is the longitudinal relaxation time of nucleus A, Moa is the equilibrium magnetization of the nuclei at site A before perturbation by rf energy, and Mza°° is the magnetization of nuclei A, after equilibrium magnetization has been reached. This analysis provided the following pseudo-firstorder rate constant for conversion of 2 =>3 at 298 Κ ki = 7.18 s* 1 , with a Ti for 2 (0.034M) of 1.6 s, while the rate constant k-1 , for the reverse reaction 3fi2, is 3.29 s· 1 with a Ti for 3 of 1.5 s. From these calculations, we can determine the equilibrium ratio for 2»3 to be 2.18, which corroborates with the equilibrium ratio found by integration. Mechanistically, the presence of relative low-lying empty boron σ-bonding orbitals, the relative polar boron-bromide bonds, and the absence of energetically accessible oxidation states for oxidation/reduction processes implicate a "four-center" heterolytic boron-bromide transition bond cleavage [20] . Thus, the initial formation of compounds 2 or 3 are presumably formed by a metathesis reaction of the boron-bromide bond with the allylic carbon-hydrogen bond of the starting stannacycle (Fig 2a) or the 1,3-hydrogen-isomerized stannacycle (Fig 2b) , yielding compound 2 and 3 , respectively, which will equilibrate by a 1,3 sigmatropic isomerization of the boron substituent (Scheme 2). Noteworthy to point out, that the possible theoretical metathesis reaction of the boron-bromide bond with the vinylic hydrogen bond of the starting stannacycle followed by a 1,3-hydrogen isomerization is a much higher energy process standing in contrast to the microscopic reversibility principle. 
